Colorimetric cation responsive water soluble polymers and manageable films or membranes have been designed. The sensory materials respond with a colour change to the presence in water of Fe(III), Co(II), Cu(II), and Sn(II). The colour change is specific of each metal cation, and enables its identification (purple for iron, orange for cobalt, green for copper, and yellow for tin). The design of the materials relies on an addition monomer having a terpyridine moiety, which behaves as a dye in presence of transition metal cations due to its proven chelating capability toward these species and the colour development that always accompany the metallic complex formation. Water solutions of the sensory linear polymers allow for the UV/vis titration of Fe(III), Co(II), Cu(II), M) for Cu(II) and Sn(II). Titration curves can also be drawn from a picture taken to the sensory kits with a smartphone, by using the digital colour definition of the materials as analytical signal.
and Sn(II) with a limit of detection of 1.3x10 -7 , 6.4x10 -8 , 1.3x10 -5 and 1.4x10 -5 M, respectively. On the other hand, sensory kits, cut from sensory membranes, permitted the visual quantification of the cations in a dynamic range of five decades (1x10 -7 5x10 -3 M) for Fe(III) and Co(II) and of two decades (9x10 -5 -9x10 -3 M) for Cu(II) and Sn(II). Titration curves can also be drawn from a picture taken to the sensory kits with a smartphone, by using the digital colour definition of the materials as analytical signal.
Also, after entering into contact with hands, shapes of metallic objects (iron and cobalt containing tools) can be colour revealed by pressing the hands on paper or cotton fabrics wetted with water solutions of the linear sensory polymer.
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INTRODUCTION
The costless, in-situ, and fast detection and quantification of transition metal cations in pure water are of the utmost environmental, industrial, and health importance.
Traditional techniques, such as atomic absorption spectroscopy (AAS) or inductively coupled plasma mass spectrometry (ICP-MS), enable the selective and precise detection and quantification of the mentioned chemical species. However, they are heavy, bulky, extremely expensive techniques and require trained personnel. On the other hand, chemical sensors have become a simple species detection method for non-trained personnel, especially if the transduction is chromogenic (i.e., by a colour change) and the detection can be carried out visually.
Chemical sensors are an emerging technology with expanding applicability to a number of fields, such as civil security, environmental control and remediation, medicine, and industrial control. Moreover, sensory polymers, which are was recrystallised twice from methanol. 1 H and 13 C NMR spectra were recorded with a Varian Inova 400 spectrometer operating at 399.92 and 100.57 MHz, respectively, with deuterated chloroform (CDCl 3 ) as the solvent.
Instrumentation and measurements
UV/vis spectra were recorded using a Hitachi U-3900 UV/vis spectrophotometer. To determine the tensile properties of the polymer films (membranes), strips (5 mm in width and 30 mm in length) were cut from polymer films of 112 and 115µm thickness for Mem1 and Mem2, respectively, on a SHIMADZU EZ Test Compact was applied using a gauge length of 9.44 mm. At least 6 samples were tested for each polymer, and the data was then averaged.
The limit of detection (LOD) and limit of quantification were estimated by the following equations: LOD = 3.3 x SD/s and LOQ = 10 x SD/s, where SD is the standard deviation of a blank sample and s is the slope of the calibration curve in a region of low concentration of target species. The qualitative and quantitative chromogenic responses of sensory squares (~5x5 mm) cut from membranes (Mem1 and Mem2) toward Fe(III), Co(II), Cu(II) and Sn(II) in water solution were studied by immersing the squares in a number of sealed vials with 1 mL of buffered water, containing each vial a known concentration of one of the target cations (pH = 2, buffer: KCl-HCl). The resident time was 24 hours and the temperature 25 °C. The qualitative evaluation of the sensing performance of the materials was carried out visually. On the other hand, the quantitative study was performed using a digital picture of the sensory squares taken with a smartphone by treatment of the colour definition data of each disc (RGB parameters, R = purple, G = green, B = blue). These parameters were obtained for each square directly after taking the photograph of the set squares through using the app called ColourMeter of a conventional Android smartphone (for each square 121 (11 × 11) pixels were averaged).
The three RGB parameters were reduced to one variable (PC1, principal component 1), using principal component analysis (PCA), which provided an account of >78% of the information on the three RGB parameters, thus allowing for the elaboration of simple 2D titration curves ([cation] vs. PC1) with concomitant noise reduction, without a significant loss of information, and with independence of the type of camera, lighting, quality of the image and so on [31, 32] .
Synthesis of sensory monomer
The sensory monomer containing the tpy-motif (5) was prepared according with the procedure schematically shown in Scheme 1.
Scheme 1.
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Synthesis of 1-pyridylacylpyridinium iodide (2).
To a solution of 2 g (15.6 mmol) of 2-acetylpyridine in 20 mL of pyridine 4.60 g (17.6 mmol) of I 2 was added and heated at 100 ºC under N 2 atmosphere for 3 h. The mixture was then cooled at room temperature and filtered off and washed with ether. The dry solid was then washed with ethanol. A black solid was obtained. It was immediately used in the next synthetic step because it is sensitive to ambient conditions. Yield 4.03 g (75%). 
Synthesis of 2-(4-(4-nitrophenyl)-6-(pyridin-2-yl)pyridin-2-yl)pyridine (3).
To a solution of 10% dry ammonium acetate in 20 mL of ethanol, 1 g (3 mmol) of (2) and 0.78 g (3 mmol) (1) were added. The mixture was refluxed for two days, the solvent removed and the product used without further purification. Yield 1.00 g (93% 
Polymer synthesis
The linear copolymer (LCp) was prepared by thermically initiated radical polymerization of the hydrophilic monomer VP and the tpy-derivative monomer (5) in a 99/1 (VP/(5)) molar ratio (Scheme 2). A 100-mL three-necked flask equipped with a magnetic stirrer, a nitrogen inlet, and a reflux condenser was charged with a solution of 0.18 mmol (0.071 g) of (5) and 17.9 mmol (2.0 g) of VP in 18 mL of dioxane.
Subsequently, AIBN (0.29 g, 1.8 mmol) was added, and the solution was heated to 60 ºC. After stirring for 4 h under nitrogen, the solution was allowed to cool. The, it was poured dropwise to hexane (200 mL) with vigorous stirring, yielding a white precipitate 
Scheme 2.
The film-shaped sensory membranes were prepared by the bulk radical polymerization of the hydrophilic monomer VP, the hydrophobic monomer MMA, and the tpy-containg monomer (5) . EGDMMA was used as cross-linking agent (Scheme 3). 
Solid sensory substrates
The solid sensory substrates were manufactured form Mem1 and Mem2 films by using plastic scissors to cut out 5x5 mm sensory squares. Plastic scissors were used to avoid the presence of iron. Conventional steel scissors turned the membrane coloured (the solely contact of an iron containing object with the membrane surface turns it purple in colour).
RESULTS AND DISCUSSION

Sensing target cations in pure water
The objective of this work is the exploitation of organic molecules in pure water.
Organic molecules are usually highly hydrophobic and water insoluble. Their properties in this medium are unknown although they can be envisaged by studying the molecules in organic/aqueous mixtures. Accordingly, an interesting molecule was chosen, its structure was slightly modified by including a polymerizable group, and hydrophilic polymers were prepared. The polymers are both linear (soluble in water), and crosslinked membranes (with gel behaviour as manageable solid kits). With these materials the goal of exploiting water insoluble molecules in pure water was achieved.
Design of the colorimetric chemosensory terpyridine unit
Firstly metal cations and water as target species and measuring medium, respectively, were selected. A chromogenic response as transduction of the recognition phenomena was also chosen. This is because sensory materials to be used as sensory devices for Accepted manuscrip. Published manuscrip link: http://www.sciencedirect.com/science/article/pii/S0925400515306948 doi:10.1016/j.snb.2015.11.116 13 non-specialized personnel are sought, and the naked eye is the best antenna for this purpose. For meeting this criteria, a proven multivalent chelanting ligand, terpyridine, was chose, which was isolated in 1932 [1] , as a guarantee of success [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . Thus, a tpy derivative containing an amine group was used to prepare the acrylamide monomer (5), which was co-polymerized with the hydrophilic VP and the hydrophobic MMA comonomers.
Materials preparation and characterisation
The acrylamide sensory monomer (5) was conventionally prepared by the straightforward reaction of methacryloyl chloride with the amine group of the intermediate containing the tpy motif (4). The preparation of (4) was previously reported, and the steps followed to prepare products (1) to (4) have been adapted from those described by a number of authors looking for inexpensiveness of the chemicals, optimization of the reaction steps, higher reaction yields, easy or no further purification of products [33] [34] [35] [36] [37] . The 1 H and 13 C NMR and FTIR data and the spectra of the intermediates and monomers can be found in the experimental section and in the ESI, Section S1. The potential applicability of the designed acrylic soluble polymer LCp and sensory membranes, Mem1 and Mem2, is highlighted by the fact that a small quantity (≤6.8% (Mem2), ≤1.8% (Mem1)) by weight of the sensory synthetic monomer is used in the preparation of the sensory materials, as will be described below, using (≥93.1% (Mem2), ≥98.2% (Mem1)) by weight of widely available and very inexpensive commercial co-monomers.
The mechanical and thermal behaviour are key parameters of every material.
The membranes, or films, have good physical appearance and were creasable and handleable. Mechanically, they had tensile strength and moduli ranging 33-39 and 660- (Table 1) . These results are excellent for lab-made acrylic membranes. The thermal resistance was evaluated using TGA. The degradation temperatures that resulted in a 5% weight loss under a nitrogen atmosphere (T 5 ) were ~240ºC for membranes and much higher, ~390ºC, for LCp. The ester content of the membranes, from the MMA co-monomer, lowered the thermal resistance compared with LCp. The methyl ester moieties are hydrophobic and counterbalance the hydrophilic nature of VP in the membranes in order to control the water-swelling percentage (WSP). Gel behaviour is relevant for the membrane to sense in pure water because the target species enter into the material as solvated species by diffusion.
However, the water uptake has to be modulated in order to keep good mechanical properties in the swelled state. For this purpose, a moderate WSP around 40% is desirable. The membranes constitution was designed to meet this criterion. Accordingly, WSP of Mem1 and Mem2 was 48% and 36 %, respectively. The hydrophobic nature of the tpy motifs is the responsible of the 12% water uptake decrease upon increasing 1.5% the monomer containing the tpy groups (5) (Scheme 3). 
The chemosensing mechanism
The chemosensing mechanism can be described as the coordination of the cation species to the tpy motifs [38] . Thus, the complexation processes of one cation (M) and two tpy motifs (L) in water. The complex stoichiometry was estimated with a Job´s plot obtained from the UV/vis titration of Fe(III) with water solutions of the sensory polymer LCp (Figure 1 ). The process is governed by two stability constants clearly depicted in the UV/vis titration spectra (Figure 1 ).
Considering the stability constants definition, the UV/vis spectroscopic data, and the mass balance (
; 2 ), the stability constants can be calculated by non-linear curve fit of Eq. (1), where A is the absorbance, ε L is calculated initially by ε L = A 0 /C L , and ε ML 2 at the end with a huge excess of metal
The fitting of Eq. (1) to complexation of iron(III) with LCp is shown in Figure   1 , giving rise to K 1 = 51,000 ± 6,000 and K 2 = 2,000 ± 1,000. The determination of K 1 and K 2 for Co(II), Cu(II) and Sn(II) could not be carried out because for each cation ML and ML 2 species absorb in the same UV/vis region. 
Sensing Fe(III), Co(II), Cu(II) and Sn(II) in aqueous media
The addition of transition metal cations to water solutions of LCp give rise to the curves with quantification purposes, as previously described. The titration curve for Fe(III) is shown in Figure 5c (the data and titration curves for Co(II), Cu(II) and Sn(II)
are depicted in the ESI, Tables S1-S12 and Figures S10-S13) [31, 32] . 
Response time
There are key parameters for sensor performance for real live measurements: reliability, accurateness, environmental inertness, and short response time. The response time was calculated as follows: for LCp solutions by UV/vis spectroscopy as the time needed to achieve 99% of the absorbance variation (ESI, Figure S14 ). This time was 10, 6, 2, and M, respectively). The apparent response time of the sensory films (membranes) was slower because of the diffusion of the species into the membrane, and the sensory squares were left immersed overnight. M) was used in this study. The UV/vis spectra show that the set of cations are true interferents (ESI, Figure S15 ). This is a cause of the broad chelating effect of tpy M, similar to the real content, 1.0x10 -6 M (ESI, Figure S16 ). Furthermore, the 
Interference study
Forensic applications and metal recognition
Iron containing tools leave a small amount of metal upon entering into contact with other surfaces. This is relevant in forensic applications where it is important to detect the imprint of certain objects in hands, like knives. In this sense, Figure 6 and a video shows the shape of a lag screw in a finger after holding it with two fingers. After pressing lag screw with the fingers, the index finger is pressed on a filter paper impregnated with an aqueous solution of LCp. The iron particles are oxidized by the oxygen of the air, the sweat and water and recognized by the tpy motifs giving rise to the complex formation with the concomitant purple colour development (see video, ESI).
Moreover, it is possible to know if a tool has iron in its composition by dipping in a water solution of LCp. Immediately after immersion, the solution turn purple (see Figure 6 and video, ESI).
Cobalt, a critical raw material [40] , can also be analysed in a similar way. Figure 6 and the video (ESI) also shows how a widia drill bit, which has an iron-based shaft with a tungsten carbide (with 6-10% of cobalt) blade at the tip off the drill. After being touched with a finger, the widia blade leave on the filter paper, previously wet with the water solution of LCp, its orange imprint surrounded by the purple imprint of the iron holding the widia tip. Moreover, forensic applications are envisaged, e.g., the shape of metallic objects after entering into contact with hands can be colour revealed by pressing the hands on paper or cotton fabrics wetted with water solutions of the linear sensory polymer. Tables   Table 1 . Thermal (TGA) and mechanical properties of materials. The thermal properties were evaluated in inert (N 2 ) and oxidizing (synthetic air) atmospheres. 
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Films and water soluble polymers as sensory materials for the detection and quantification of iron, cobalt, copper and tin salts in water, and for forensic applications.
Schemes Scheme 1. Synthesis of acylic monomer (5).
Scheme 2. Synthesis and chemical structure of sensory linear polymer (LCp). 
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